The intestinal epithelium is a single layer of cells which provides the first line of defence of the intestinal control. Such a delay may be reproduced by using a cell-based model to simulate the dynamics of each 10 cell in a crypt-villus geometry, showing that a prolonged increase in cell death slows the migration of
two weeks continuously prior to and during the measurements; this treatment induced less severe, but more persistent, cell death.
40
To investigate epithelial cell dynamics during acute and chronic inflammation, we applied cell-tracking 41 methods to monitor accumulation of labelled cells along the crypt-villus axis following exposure of healthy 42 crypts to high and low doses of TNFα. We generated experimental time courses from crypt-villus epithe-43 lial units (CVEU) indicating the number of cells that were tracked (labelled) in the crypt and villus com-44 partments. We then derived complementary information from two different computational approaches, 45 namely cell-based and compartmental models, as follows. We replicated the experiments, simulating 46 injury in a cell-based model in which cells are confined to a 2D surface comprising four crypts, adjacent to a villus, with cells moving according to a nearest-neighbour-defined repulsive force [15] . This model 48 allows us to describe the spatial dynamics of cells on a crypt-villus geometry and to generate simulated 49 time-courses that can be compared to the experimental time courses via time-dependent compartmental 50 models as described below; however, the parameters of the cell-based model cannot be easily inferred 51 from the experimental data since fitting such a detailed and stochastic model would be computationally 52 intensive. By contrast, the compartmental models are described by a smaller number of parameters, 53 since they do not account for the parameters associated with the crypt-villus geometry, and their sim-54 ulation is computationally inexpensive. These advantages come at the expense of the biological detail 55 included in the model: it accounts only for the time evolution of the number of cells in the crypt and 56 villus compartments and neglects spatial effects. A schematic of our approach is presented in Figure 1 . cell-based models suggests that injuries caused by acute and chronic inflammation manifest themselves 77 via treatment-specific decreases in the accumulation of labelled cells on villi.
78

Methods
Experimental data
Animals
All animal experiments were conducted in strict accordance with the Home Office Animals (Scientific
79
Procedures) Act 1986. Female C57BL/6 mice, aged 10-12 weeks and weighing at least 20 g prior to 80 use in experiments, were housed and maintained in SPF conditions at the University of East Anglia,
81
Norwich, UK in accordance with HO regulations, and all procedures were performed by fully-trained and 82 licenced researchers. Experimental animals were closely monitored and were sacrificed by rising CO2 and 83 cervical dislocation, at the timepoints described in the text, prior to subsequent tissue collection. All formalin-fixed and paraffin embedded. Transverse sections of duodenum and ileum were prepared at 5µm 98 and were immunostained for BrdU using biotinylated anti-BrdU antibody (AbCam, Cambridge, UK),
99
Neutravidin-HRP (Thermo Fisher), and diaminobenzidine reaction (DAB, Dako, Glostrup, Denmark).
100
Villus cell shedding was confirmed histologically by Caspase-3 (anti-CC3, R&D Systems, Minneapolis,
101
USA) labelling of apoptotic cells in FFPE duodenal and ileal sections counterstained with H&E.
102
Data collection
Collection of the experimental dataset followed the format described in Parker et al [2] . The number of unlabelled and BrdU-labelled cells by position, from crypt base to neighbouring villus tip, was counted 
Compartment-based models
To analyse the spatio-temporal dynamics of BrdU-labelled cells we derived two compartmental models formulated as a system of time-dependent ordinary differential equations (ODEs). The first model treats 116 the crypt-villus unit as two distinct compartments and distinguishes the cell numbers in the crypt and villus; the second model decomposes the crypt-villus unit into three compartments and distinguishes 118 between proliferative and non-proliferative cells in the crypt. For simplicity, and to allow for parameter 119 estimation, in what follows we model labelled cells only.
120
Two-compartment model
We distinguish two cellular compartments: labelled cells in the crypt, whose number at time t is denoted 121 by C = C(t), and labelled cells in the villus, whose number is denoted by V = V (t). We introduce two 122 parameter thresholds C * , V * such that when C(t) > C * labelled cells in the crypt start migrating onto 123 the villus, and when V (t) > V * cells begin to be shed from the villus. We denote condition-specific death 124 rates in the crypt and villus compartment as follows:
µ ca during acute injury µ cc during chronic injury
µ va during acute injury µ vc during chronic injury (1) where µ ca , µ cc , µ va , µ vc are positive constants. The two-compartment model is described by the following 126 pair of ODEs:
where λ is the net cell proliferation rate (cell proliferation minus cell death rate), γ is the cell migration 128 rate between the two compartments, γ s is the cell shedding rate from the villus, H is the Heaviside 129 function:
Model parameters and initial conditions, included in the set of parameters to be estimated, are listed in Table 1 .
132
Three-compartment model
The three-compartment model subdivides the crypt into proliferative and non-proliferative cells and 133 defines the following compartments: labelled proliferative cells in the crypt, whose number at time t is denoted by P = P (t); labelled non-proliferative cells in the crypt, whose number is denoted by by C(t) = P (t) + Q(t) the total number of labelled cells in the crypt. We introduce three parameter 138 thresholds P * , Q * , V * such that when P (t) > P * labelled proliferative cells start migrating onto the villus, (1)). The three-compartment model is described by the 144 following system of time-dependent ODEs:
where λ is the cell net proliferation rate, γ c is the rate at which cells differentiate from a proliferative to a 146 non-proliferative state, γ v is the rate at which cells migrate onto the villus, γ s is the rate of cell shedding 147 from the villus and H is the Heaviside function. Model parameters and initial conditions, included in the 148 set of parameters to be estimated, are listed in Table 2 . 
Cell-based simulations
We simulated injury by using a cell-based simulation of cell dynamics on a patch of intestinal epithelium 150 composed of multiple crypts and a single villus, previously developed by Mirams et al. [15] , and generated 151 synthetic time courses.
152
The model is a stochastic 3D off-lattice cell centre based model confined to a 2D surface comprising four crypts that surround a single villus; the crypts and the villus are modelled using a cylindrical geometry with spherical rims. Cell movement is driven by a nearest-neighbour-defined force, previously employed by Meineke et al. [9] . Each pair of neighbouring nodes is assumed to be connected by a linear spring. The force of node i is given by
where µ i,j is the spring constant for the spring between nodes i and j, s i,j (t) is its natural length at 
Parameter estimation
The compartmental models were solved using the R-packages deSolve (Classical Runge-Kutta 4th Order STAN to be used from R. RSTAN was applied to Equations (2) and (3) 
Results
In what follows, we first describe the predictions of our compartmental and cell-based models regarding 182 the influence of inflammation on epithelial homeostasis; we then discuss the parameters inferred when 183 fitting the compartmental models to experimental and simulated data.
184
Accumulation of labelled cells on villi is delayed during chronic inflammation. The two-
185
and three-compartment models were fitted against the experimental data derived from the ileum and the Cell-based simulations suggest that injuries drive treatment specific delays in cell migration.
192
The cell-based model was simulated as described in the Methods section 'Cell-based simulations'. Typical Figures 8-11 ).
210
Small regions of the parameter search space allow for good quality fits. Highly correlated 211 parameters may be found in both of the compartment models. In particular, the pairs (λ, µ cc ) and
212
(γ, C * ) are the most strongly correlated parameters in the two-compartment model in both tissues
213
(Supplementary Figures 12 and 14) ; whereas, (λ, γ c ), (λ, P * ), (γ c , P * ), (λ, P 0 ), (P * 
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